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Abstract. Dental agenesis is one of the most common 
congenital craniofacial abnormalities. Dental agenesis can be 
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DFWVZLWKSDLUHGER[3$;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2QWKHRWKHUKDQG$[LQ$;,1DOVRNQRZQDV
FRQGXFWLQD[LOLVDQLQKLELWRURIWKH:17VLJQDOLQJSDWKZD\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K\SRKLGURWLFHFWRGHUPDOG\VSODVLD;/+('DUDUHDQRPDO\
LQYROYLQJVSDUVHKDLUGHQWDODEQRUPDOLWLHVVNLQOHVLRQVDQG
K\SRSODVLDRIVZHDWJODQGV
7KHLQLWLDODLPRIWKLVVWXG\ZDVWRHYDOXDWHWKH06;DQG
3$;PXWDWLRQUDWHLQDFRKRUWRISDWLHQWVDQGVXEVHTXHQWO\
WRLGHQWLI\WKHFDXVDWLYHJHQHPXWDWLRQVDVVRFLDWHGZLWKDXWR-
VRPDOWRRWKDJHQHVLVLQVRPHIDPLOLHVE\HPSOR\LQJZKROH
H[RPHVHTXHQFLQJ:(6
Subjects and methods
Study subjects. 7KHSUREDQGVQ )LJZHUHSDWLHQWVZKR
ZHUHWR\HDUVRIDJHHQUROOHGDWWKH'HQWDO&OLQLFRI
WKH8QLYHUVLW\RI%UHVFLD ,WDO\ IURP WRZLWKD
FRQÀUPHGGLDJQRVLVRIGHQWDODJHQHVLVEXWZLWKRXWV\VWHPLF
RUV\QGURPLFGLVHDVHV:KHQDYDLODEOHSDUHQWVDQGVLEOLQJV
HLWKHUDIIHFWHGRUQRWZHUHDOVRHQUROOHGLQWKHVWXG\$OOLQGL-
YLGXDOVHQUROOHGZHUHLQIRUPHGRIWKHSXUSRVHRIWKLVVWXG\DQG
VLJQHGDQLQIRUPHGFRQVHQW$OOFOLQLFDODQGJHQHWLFVWXGLHV
ZHUHDSSURYHGE\WKH(WKLFV&RPPLWWHHRIWKH6SHGDOL&LYLOL
RI%UHVFLD$2%6*(1,13DQGZHUHFRQGXFWHG
DFFRUGLQJWRWKHSULQFLSOHVH[SUHVVHGLQWKH'HFODUDWLRQRI
+HOVLQNL ,Q DGGLWLRQ WRSDQRUDPLF UDGLRJUDSK\ D FOLQLFDO
H[DPLQDWLRQZDVFRQGXFWHGRQDGHQWDOFKDLUXQGHUDUWLÀFLDO
OLJKWZLWKDSUREHDQGDGHQWDOPLUURUE\WZRWUDLQHGGHQWLVWV
Mutation analysis by Sanger sequencing. *HQRPLF'1$ZDV
LVRODWHGIURPWKHSHULSKHUDOEORRGRIDIIHFWHGLQGLYLGXDOVDQG
DYDLODEOHDIIHFWHGQRQDIIHFWHGUHODWLYHVXVLQJWKH3XUJHQH
%ORRG&RUHNLW4LDJHQ9DOHQFLD&$86$IROORZLQJWKH
LQVWUXFWLRQVRIWKHPDQXIDFWXUHU'1$IURPSHULSKHUDOEORRG
RIDFRQWURO&75/XQDIIHFWHGVXEMHFWZDVDOVRLVRODWHG7KH
3$;DQG06;FRGLQJVHTXHQFHVZHUHDPSOLÀHGE\3&5
XVLQJWKHSULPHUVDQGWKHWKHUPDOF\FOHUSURWRFROVSUHYLRXVO\
GHVFULEHG7KHDPSOLÀHGSURGXFWVZHUHVHTXHQFHG
XVLQJWKH%LJ'\H7HUPLQDWRUY&\FOH6HTXHQFLQJNLWDQG
DQDO\]HGXVLQJWKH$%,35,60[O*HQHWLF$QDO\]HUERWK
IURP$SSOLHG%LRV\VWHPV)RVWHU&LW\&$86$7KHUHVXOWV
ZHUHFRPSDUHGZLWKWKHUHIHUHQFHVHTXHQFHVIRUHDFK06;
10B3$;10B
7KHH[RQVDQGDSSUR[LPDWHO\ESRIWKHÁDQNLQJLQWURQV
RIWKH:17$DQG('$5$''JHQHVZHUHDPSOLÀHGZLWKWKH
SULPHUVSUHYLRXVO\GHVFULEHG7KHUHVXOWVZHUHFRPSDUHG
ZLWK WKH UHIHUHQFH VHTXHQFHV IRU HDFK JHQH :17$
10B('$5$''10B
Whole exome sequencing (WES). :(6ZDVFDUULHGRXW LQ
VHOHFWHG DIIHFWHG LQGLYLGXDOV DQG WKHLU UHODWLYHV ,Q WRWDO
 FDVHV ZHUH H[DPLQHG E\:(6 DQG WKH GHWDLOV RI WKH
VXEMHFWVDQDO\]HGDUHUHSRUWHGLQ)LJ7KHH[RPHVRIWKH
SUREDQGVRIIDPLOLHVDQGZHUHVHTXHQFHGDW3HUVRQDO
*HQRPLFV8QLYHUVLW\RI9HURQD,WDO\XVLQJWKH7UX6HT([RPH
(QULFKPHQWNLW,OOXPLQD6DQ'LHJR&$86$IRUZKROHH[RPH
FDSWXUH7KHPHPEHUVRIIDPLO\,,,,IDPLO\,
,DQGIDPLO\,,,,,KDGWKHLUH[RPHVVHTXHQFHG
DW(UDVPXV0&8QLYHUVLW\0HGLFDO&HQWHU5RWWHUGDPXVLQJ
WKH1LPEOHJHQ6HT&DS(=([RPHYHUVLRQH[RPHFDSWXUH
NLW ,QERWKSURWRFROVSDLUHGHQGOLEUDULHVZHUHVHTXHQFHG
RQ WKH ,OOXPLQD+L6HT LQVWUXPHQW6HTXHQFLQJ UHDGVZHUH
DOLJQHGWRWKHKXPDQJHQRPHUHIHUHQFHVHTXHQFHKJXVLQJ
%:$PHPDQGWKHQSURFHVVHGDFFRUGLQJWR*$7.
EHVWSUDFWLFHVIRUYDULDQWGLVFRYHU\%ULHÁ\DOLJQHGUHDGV
ZHUHSURFHVVHGIRUGXSOLFDWHUHPRYDOXVLQJ3LFDUGDQGWKHEDVH
TXDOLW\VFRUHUHFDOLEUDWLRQZDVSHUIRUPHGXVLQJ*$7.7KH
SURFHVVHG%$0ÀOHVRIVLQJOHSUREDQGVRUWKHSUREDQGDQG
UHODWLYHVZHUHWKHQDQDO\]HGXVLQJ*$7.+DSORW\SH&DOOHU
IRU WKH LGHQWLILFDWLRQ RI ERWK VLQJOH QXFOHRWLGH SRO\PRU-
SKLVPV613VDQGLQGHOYDULDQWV5HSRUWHGYDULDQWVLQ9&)ÀOH
IRUPDWZHUHWKHQÀOWHUHGUHPRYLQJWKRVHZLWKDUHDGGHSWK
DQGDJHQRW\SHTXDOLW\*46XEVHTXHQWO\WKHÀOWHUHG
YDULDQWVZHUHDQQRWDWHGXVLQJ$1129$5DQGVHOHFWHG
DFFRUGLQJWRWKHIROORZLQJFULWHULDLH[RQLFQRQV\QRQ\PRXV
YDULDQWVLLUHSRUWHGDOOHOHIUHTXHQF\LQ*SKDVHGDWD
DQG([$FDQGLLLQRWORFDWHGLQVHJPHQWDOGXSOLFDWHG
UHJLRQ7KHVHYDULDQWVZHUHVHDUFKHGIRUPXWDWLRQVLQNQRZQ
JHQHVUHODWHGWRGHQWDODJHQHVLV:KHUHQRPXWDWLRQVHPHUJHG
WKHGDWDRIWKHIDPLO\SHGLJUHHZHUHDQDO\]HGWRVHOHFWYDULDQWV
VHJUHJDWLQJDFFRUGLQJWRWKHGLVHDVHKHUHGLWDU\PRGHO7KHVH
YDULDQWVZHUHIXUWKHUDQQRWDWHGZLWKNQRZQSKHQRW\SHVIURP
WKH&OLQ9DUGDWDEDVHDQGWKH59,6VFRUHWKDWSURYLGHV
DQHVWLPDWHRIWKHWROHUDQFHWRIXQFWLRQDOYDULDWLRQVIRUHDFK
JHQH&DQGLGDWHJHQHVYDULDQWVZHUHWKHQSULRULWL]HGEDVHGRQ
3RO\3KHQDQG)$7+00GHOHWHULRXVQHVVSUHGLFWLRQV
DQGWKH59,6VFRUHRIWKHDVVRFLDWHGJHQH
Results
Study subjects. $ WRWDO RI  IHPDOHV DQGPDOHV UDQJLQJ
LQDJH IURP WR\HDUVDIIHFWHGE\ WRRWKDJHQHVLV IURP
GLIIHUHQW IDPLOLHVZHUHHQUROOHG LQ WKLVVWXG\)LJ ,Q
SDUWLFXODULQGLYLGXDOVZHUHDIIHFWHGE\ROLJRGRQWLDQXPEHU
RIPLVVLQJWHHWKDQGLQGLYLGXDOVE\K\SRGRQWLDQXPEHU
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RIPLVVLQJWHHWK7KHPRVWFRPPRQPLVVLQJWHHWKZHUH
WKHPDQGLEXODUVHFRQGSUHPRODUVLQDIIHFWHGLQ
DIIHFWHGPD[LOODU\ODWHUDOLQFLVRUVLQDIIHFWHG
LQDIIHFWHGDQGPD[LOODU\VHFRQGSUHPRODUVLQ
DIIHFWHGLQDIIHFWHG7DEOHV,DQG,,
Mutation analysis of PAX9 and MSX1 genes. 7RLGHQWLI\FDXV-
DWLYHPXWDWLRQVLQVXEMHFWVZLWKWRRWKDJHQHVLVZHSHUIRUPHG
GLUHFWVHTXHQFLQJRIWKH3$;DQG06;JHQHVLQDIIHFWHG
VXEMHFWV )LJ  LQGLYLGXDOV PDUNHG ZLWK DQ DVWHULVN
8OWLPDWHO\WKHPXWDWLRQDQDO\VLVRIWKH3$;DQG06;JHQHV
GLGQRWKLJKOLJKWWKHSUHVHQFHRIDQ\FDXVDWLYHPXWDWLRQLQWKH
DIIHFWHGLQGLYLGXDOV
WES. 6LQFHWKHJHQHWLFKHWHURJHQHLW\RIWRRWKDJHQHVLVKDV
EHFRPHDSSDUHQWDQGKDVH[SDQGHGVLQFHRXUÀUVWVFUHHQLQJ
WR LQFOXGHGLIIHUHQWJHQHVZHGHFLGHGWRDSSO\:(6WR
LGHQWLI\QRYHODQGRUSUHYLRXVO\GHVFULEHGFDXVDWLYHPXWDWLRQV
DVZHOODVQHZFDQGLGDWHJHQHV2YHUDOOZHSHUIRUPHG:(6
RQVXEMHFWV IURPGLVWLQFW IDPLOLHV )LJ LQGLYLGXDOV
PDUNHGZLWKDÀOOHGVTXDUH7DEOH,,LQGLYLGXDOVKLJKOLJKWHG
LQJUH\ZLWKDPHDQFRYHUDJHDFURVVWDUJHWUHJLRQRI;;
DQGYDULDQWV LGHQWLILHGSHUVXEMHFW LQH[RQLF
UHJLRQV7DEOH,,,
)RUIDPLOLHVLWZDVSRVVLEOHWRLGHQWLI\NQRZQFDXVDWLYH
PXWDWLRQVWKXVSURYLGLQJDPROHFXODUGLDJQRVLV7KHDOUHDG\
GHVFULEHGS),PXWDWLRQUVLQWKHKRPR]\JRXV
VWDWH LQ WKH:17$JHQHZDVGHWHFWHGLQ WKHSUREDQGRI
IDPLO\  DQG FRQILUPHG E\6DQJHU VHTXHQFLQJ KHU XQDI-
IHFWHGPRWKHUGLVSOD\HGWKHVDPHYDULDQWLQWKHKHWHUR]\JRXV
VWDWH)LJ7KHVDPHPXWDWLRQZDVDOVRGHWHFWHGLQERWK
WKHDIIHFWHGVLEOLQJV IURPIDPLO\ )LJ0RUHRYHU WKH
SUREDQG,,ROLJRGRQWLDDQGKHUEURWKHU,,PRUHVHYHUH
SKHQRW\SHDOVRFDUULHGDS6)PXWDWLRQUVLQ
WKH('$5$''JHQHLQWKHKHWHUR]\JRXVVWDWH)LJ%RWK
PXWDWLRQVZHUHFRQÀUPHGE\6DQJHUVHTXHQFLQJ,QRWKHU
IDPLOLHVRXUDQDO\VLVOHGWRWKHLGHQWLÀFDWLRQRIQRYHOFDQGL-
GDWHYDULDQWVLQJHQHVZLWKDSRWHQWLDOUROHLQWRRWKDJHQHVLV
,QIDPLO\DQDXWRVRPDOUHFHVVLYHIRUPRILQKHULWDQFH
VHHPHG WREHPRVW SUREDEOH )LJ  ,QERWK WKH DIIHFWHG
)LJXUH3HGLJUHHVRIWKHIDPLOLHVLQWKLVVWXG\6TXDUHVLQGLFDDWHPDOHV
DQGFLUFOHVLQGLFDWHIHPDOHV)LOOHGV\PEROVUHSUHVHQWLQGLYLGXDOVGLDJQRVHG
ZLWKWRRWKDJHQHVLVHPSW\V\PEROVUHSUHVHQWXQDIIHFWHGVXEMHFWV7KHDVWHULVNV
LQGLFDWHLQGLYLGXDOVIRUZKLFKPXWDWLRQDODQDO\VLVIRUWKH3$;DQG06;
JHQHVZDVSHUIRUPHGÀOOHGVTXDUHVLQGLFDWHVXEMHFWVZKRXQGHUZHQWZKROH
H[RPHVHTXHQFLQJ:(6DQDO\VLVHPSW\WULDQJOHVLQGLFDWHWKDWQR'1$ZDV
DYDLODEOH$UURZVLQGLFDWHWKHSUREDQGVRIHDFKIDPLO\
7DEOH , &KDUDFWHULVWLFV RI WKH  SUREDQGV DQG WKH DIIHFWHG
UHODWLYHV
&KDUDFWHULVWLF 1 
0DOHV  
)HPDOHV  
7\SHRIWRRWKDJHQHVLVWRWDOQXPEHURIFDVHV 
+\SRGRQWLDSHUPDQHQWWHHWKPLVVLQJ  
2OLJRGRQWLD!SHUPDQHQWWHHWKPLVVLQJ  
7\SHRISHUPDQHQWWHHWKPLVVLQJ 
WRWDOWHHWKPLVVLQJ
&HQWUDOLQFLVRU  
/DWHUDOLQFLVRU  
&DQLQH  
)LUVWSUHPRODU  
6HFRQGSUHPRODU  
)LUVWPRODU  
6HFRQGPRODU  
7KLUGPRODU  
1RRIPLVVLQJLQFLVRUV  
1RRIPLVVLQJFDQLQHV  
1RRIPLVVLQJSUHPRODUV  
1RRIPLVVLQJPRODUV  
6$/9, et al(;20(6(48(1&,1*$1$/<6,6,17227+$*(1(6,64
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VLEOLQJVZHIRXQGFRPSRXQGKHWHUR]\JRXVPXWDWLRQVLQWKH
0XFLQ08&DQG7LWLQ771JHQHVDQGDKRPR]\JRXV
JHQHWLFYDULDWLRQFGHO&*LQWKH
875SRUWLRQRI WKH
SDLUHGOLNHKRPHRGRPDLQ3,7;JHQH)XUWKHUPRUHLQ
WKHSUREDQG,,DQGLQKHUEURWKHUZHGHWHFWHGDQ613F
7&S9$UVLQWKHKRPR]\JRXVVWDWHLQWKH%03
JHQHSUHYLRXVO\DVVRFLDWHGZLWKWRRWKDJHQHVLV7DEOH,9
)DPLO\ZDVDOVR OLNHO\ WRSUHVHQWDUHFHVVLYHIRUPRI
LQKHULWDQFH )LJ  7KH SUREDQG GLVSOD\HG KRPR]\JRXV
QRQV\QRQ\PRXVVLQJOHQXFOHRWLGHYDULDQWV619VLQWKHDU\O-
VXOIDWDVHIDPLO\PHPEHU+$56+SUROLQHULFK355
DQGDSXULQLFDS\ULPLGLQLFHQGRGHR[\ULERQXFOHDVH$3(;
JHQHV D QXFOHRWLGH FKDQJH LQ KRPR]\JRVLV LQ WUDQVJOXWD-
PLQDVH7*0UHVXOWLQJLQDSUHPDWXUHVWRSFRGRQDQG
DESIUDPHVKLIWLQVHUWLRQLQKRPR]\JRVLVLQWKHSODFHQWD
VSHFLÀF3/$&JHQH3XWDWLYHde novoKHWHUR]\JRXVJHQHWLF
YDULDQWVZHUH LGHQWLILHG LQJHQHVRIZKRPGLVSOD\HG
FRPSRXQGKHWHUR]\JRXVJHQHDOWHUDWLRQV)XUWKHUPRUH WKH
KRPR]\JRXVJHQHWLFYDULDQWLQWKH
875SRUWLRQRIWKH3,7;
JHQHLGHQWLÀHGLQIDPLO\ZDVDOVRSUHVHQWLQWKHSUREDQGRI
IDPLO\7DEOH9
)LQDOO\DQDXWRVRPDOUHFHVVLYHIRUPRILQKHULWDQFHZDV
OLNHO\DOVRIRUIDPLO\7KHIDWKHUFRXOGQRWEHLQFOXGHGLQWKH
VWXG\DQGWKHDQDO\VLVZDVFRQGXFWHGRQWKHWZLQSUREDQG,,
DQG RQ KLV XQDIIHFWHG PRWKHU DQG EURWKHU )LJ  7KH
SUREDQGHYLGHQFHGDQRQV\QRQ\PRXV613 LQ WKHKHWHUR-
]\JRXV VWDWH LQ WKH DQN\ULQ UHSHDW DQG ()KDQG GRPDLQ
FRQWDLQLQJ  $1.() &200 GRPDLQFRQWDLQLQJ
SURWHLQ&200'''+'GRPDLQFRQWDLQLQJ''+'
HDUO\ %FHOO IDFWRU  (%) HQYRSODNLQ (93/
637KRPRORJKLVWRQHFKDSHURQH 6837+JHQHVDQGD
FRPSRXQGKHWHUR]\JRXVPXWDWLRQLQWKHVXFFLQDWH&R$OLJDVH
*'3IRUPLQJEHWDVXEXQLW68&/*JHQH7DEOH9,
Discussion
7KHPDLQREMHFWLYHRIWKLVVWXG\ZDVWRLGHQWLI\WKHFDXVDWLYH
JHQHWLFGHIHFWVLQVXEMHFWVDIIHFWHGE\QRQV\QGURPLFWRRWK
DJHQHVLV:HEHJDQZLWK6DQJHUVHTXHQFLQJRIWKH3$;DQG
06;JHQHVVLQFHWKH\ZHUHFRQVLGHUHGLQWKHOLWHUDWXUHWKH
PRVWSUREDEOHFDQGLGDWHJHQHV7KLVDQDO\VLVSHUIRUPHGRQ
LQGLYLGXDOVDIIHFWHGE\DJHQHVLVGLGQRWHYLGHQFHDQ\PXWD-
)LJXUH3DQRUDPLFUDGLRJUDSKRIGHQWLWLRQRIWKHSUREDQG,,RIIDPLO\
7KHPLVVLQJWHHWKDUHLQGLFDWHGE\DVWHULVNV3DUWLDO'1$VHTXHQFHVRIH[RQ
RI:17$IURPWKHXQDIIHFWHGPRWKHUVXEMHFW,WKHSUREDQG,,DQG
IURPDFRQWUROVXEMHFW&75/7KHQXFOHRWLGHVXEVWLWXWLRQLVLQGLFDWHGE\DQ
arrow.
7DEOH,,,6XPPDU\RIZKROHH[RPHVHTXHQFLQJUHVXOWV
  0HDQ EDVHV ƔRRI
  FRYHUDJHLQ FRYHUHGDW H[RQLF
6DPSOH )DPLO\ WDUJHWUHJLRQ OHDVW; YDULDQWV
,,  ;  
,,  ;  
,,  ;  
,,  ;  
,  ;  
,,  ;  
,  ;  
,  ;  
,  ;  
,  ;  
,,  ;  
,,  ;  
$OO UHVXOWV DUH UHSRUWHG FRQVLGHULQJ WKH KXPDQ &'6 VHTXHQFHV DV
WDUJHWUHJLRQ)DPLO\,'DUHWKHVDPHDVWKRVHUHSRUWHGLQ)LJ
6$/9, et al(;20(6(48(1&,1*$1$/<6,6,17227+$*(1(6,66
WLRQWKXVVXJJHVWLQJWKDWRWKHUJHQHVPD\EHLQYROYHGLQWRRWK
DJHQHVLVLQDJUHHPHQWZLWKRWKHUSXEOLVKHGGDWD0XWDWLRQV
LQWKH:17$JHQHHPHUJHGDVIUHTXHQWO\LQYROYHG
:HGHFLGHGWRXVHWKH:(6WHFKQRORJ\WRLGHQWLI\FDXVDWLYH
PXWDWLRQV:HLGHQWLÀHGSDWKRJHQLFPXWDWLRQVLQWKHSUREDQG
RI IDPLO\  DQG WKH VDPH DOWHUDWLRQV LQ KHU EURWKHU 7KH
VXEMHFWVGLVSOD\HGDNQRZQKRPR]\JRXVGLVHDVHPXWDWLRQLQ
WKH:17$JHQHS),UVDQGDKHWHUR]\JRXV
PXWDWLRQLQWKH('$5$''JHQHS6)UV7KH
IUHTXHQWS),DPLQRDFLGVXEVWLWXWLRQLVDVVRFLDWHGZLWKWKH
DXWRVRPDOGRPLQDQWRUDXWRVRPDOUHFHVVLYHIRUPRILVRODWHG
K\SRGRQWLDDQGHFWRGHUPDOG\VSODVLD7KH('$5$''
PXWDWLRQS6)ZDVSUHYLRXVO\SUHGLFWHGWREHKDUPIXOIRU
SURWHLQIXQFWLRQE\ELRLQIRUPDWLFVDQDO\VLV7KLVSDUWLFXODU
FRPELQDWLRQRIJHQHWLFYDULDQWVLQYROYLQJWZRJHQHVUHODWHGWR
WHHWKGHYHORSPHQWKDVQHYHUEHHQSUHYLRXVO\GHVFULEHGDWOHDVW
WR WKHEHVWRIRXUNQRZOHGJH%RWKWKHDIIHFWHGLQGLYLGXDOV
KDGROLJRGRQWLDEXWLQGLYLGXDO,,KDGPLVVLQJWHHWKDQG
VXEMHFW,,KDGPLVVLQJWHHWK%\:(6ZHLGHQWLÀHGWKH
SDWKRJHQLFPXWDWLRQLQWKHSUREDQGRIIDPLO\WKDWDOVRGLVSOD\V
WKHS),PXWDWLRQLQ:17$LQWKHKRPR]\JRXVVWDWH
7RH[WHQGWKH:(6DQDO\VLVZHIRFXVHGRQIDPLOLHV
DQGDVJHQRPLF'1$ZDVDYDLODEOHIURPDOOWKHPHPEHUV
ZLWKWKHH[FHSWLRQRIWKHXQDIIHFWHGIDWKHU,RIIDPLO\)RU
IDPLO\DQDXWRVRPDOUHFHVVLYHIRUPRILQKHULWDQFHVHHPHG
PRVWSUREDEOH2XUDQDO\VLVLGHQWLÀHGWKH3,7;771DQG
08&JHQHVDVDIIHFWHGE\FDQGLGDWHPXWDWLRQV7KH771
DQG08&JHQHVZHUHQRWFRQVLGHUHGJRRGFDQGLGDWHJHQHV
IRUDJHQHVLVSUHGLFWLRQJLYHQWKHLUKLJK59,6VFRUHFRQÀUPLQJ
WKHSURSHQVLW\RIWKHVHJHQHVWRDFFXPXODWHUDUHIXQFWLRQDO
PXWDWLRQVZLWKQHXWUDOHIIHFW2IQRWHZHIRXQGDKRPR-
]\JRXVFGHO&*YDULDWLRQLQWKH
875RIWKH3,7;JHQH
LQWKHVLEOLQJVWKDWFRXOGEHDVVRFLDWHGZLWKWRRWKDJHQHVLV
DVZHPHQWLRQHGDERYH3,7;LVDWUDQVFULSWLRQIDFWRUWKDW
LQLWLDWHVWRRWKGHYHORSPHQWDFWLYDWLQJDPHORJHQLQH[SUHVVLRQ
ZKRVHSURWHLQSURGXFWLVQHFHVVDU\IRUHQDPHOIRUPDWLRQ6LQFH
WKHPXWDWLRQLVORFDOL]HGLQWKHSURPRWHUUHJLRQRIWKHJHQH
LWPD\DIIHFWLWVWUDQVFULSWLRQDODFWLYLW\$PRUHLQGHSWK
DQDO\VLVRIJHQHWLFYDULDQWVLQWKLVIDPLO\DOVRLGHQWLÀHGDQ
LQWHUHVWLQJYDULDQWLQWKH%03JHQHDQRQV\QRQ\PRXV613
LQWKHKRPR]\JRXVVWDWHUVF7&S9$LQ WKH
DIIHFWHGVLEOLQJV,,DQG,,,QD%UD]LOLDQVWXG\FRQGXFWHG
)LJXUH'LUHFWVHTXHQFLQJDQDO\VLVRIPXWDWLRQIRXQGE\ZKROHH[RPHVHTXHQFLQJ:(6LQIDPLO\3DUWLDO'1$VHTXHQFHVRIH[RQRI:17$OHIWSDQHOV
DQGH[RQRI('$5$''ULJKWSDQHOVIURPWKHSUREDQG,,KHUEURWKHU,,DQGIURPDFRQWUROVXEMHFW1XFOHRWLGHVXEVWLWXWLRQLVLQGLFDWHGE\DQDUURZ
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RQLQGLYLGXDOVZLWKWRRWKDJHQHVLVDQGFRQWUROFDVHVWKH
&&JHQRW\SHRI%03ZDVPRUHIUHTXHQWLQLQGLYLGXDOVZLWK
RUPRUHPLVVLQJWHHWKWKDQLQWKHFRQWUROJURXSS
OHDGLQJ WKHDXWKRUV WR WKHFRQFOXVLRQ WKDW WKLVYDULDQWZDV
DVVRFLDWHGZLWKWRRWKDJHQHVLV7KHVDPH613ZDVSUHYL-
RXVO\IRXQGLQWZR0H[LFDQIDPLOLHVZLWKROLJRGRQWLD
&DSDVVRet al REVHUYHG WKDW WKHF7!&VXEVWLWXWLRQ
DOWHUHGWKH%03P51$VHFRQGDU\VWUXFWXUHDQGWKDW WKH
%03P51$DQGSURWHLQH[SUHVVLRQOHYHOVZHUHKLJKHUIRUWKH
7DOOHOHLQDSRSXODWLRQLQVRXWKHUQ,WDO\ZLWKFXWDQHRXVPHOD-
QRPD3$;DQG06;V\QHUJLVWLFDOO\DFWLYDWH%03DQG
%03LVDJHQHFUXFLDOWRWRRWKGHYHORSPHQWDVLWUHJXODWHVWKH
SDVVDJHIURPEXGWRFDSVWDJHV6LQFHWKHXQDIIHFWHGSDUHQWV
GLVSOD\HGWKHVDPHJHQHWLFYDULDWLRQVRI3,7;DQG%03
LQWKHKRPR]\JRXVVWDWHLWZDVGHHPHGWKDWWKHVHYDULDWLRQV
DORQHZHUHXQOLNHO\WREHWKHGLUHFWFDXVHRIWKHREVHUYHGWRRWK
K\SRGRQWLDKRZHYHUWKH\PD\VWLOOSOD\DUROHDVULVNIDFWRUVRU
PRGXODWRUVRIWKHSKHQRW\SH
)DPLO\DWULRZLWKXQDIIHFWHGSDUHQWVGLVSOD\HGDSURE-
DEOHDXWRVRPLFUHFHVVLYHIRUPRILQKHULWDQFH8QIRUWXQDWHO\
ZHZHUHXQDEOH WR LGHQWLI\DVWURQJFDQGLGDWHJHQHZLWKD
FOHDU UROH LQ WKH SK\VLRSDWKRORJ\RI WRRWK IRUPDWLRQ DQG
GHYHORSPHQW%DVHGRQ59,6 VFRUH SULRULWL]DWLRQ FULWHULD
 JHQHV HPHUJHG DIIHFWHG E\ IXQFWLRQDOPXWDWLRQ LQ WKLV
IDPLO\DQGQRWH[SHFWHGWRDFFXPXODWHIXQFWLRQDOPXWDWLRQ
E\FKDQFHQDPHO\3553/$&QXFOHDUIDFWRU$1),$
WULSDUWLWHPRWLIFRQWDLQLQJ75,0FDUERK\GUDWHVXOIR-
WUDQVIHUDVH&+67DQGV\QDSWLF5DV*73DVHDFWLYDWLQJ
SURWHLQ 6<1*$32I WKHVHJHQHVZHUHXQOLNHO\ WR
EHLQYROYHGLQWRRWKDJHQHVLV3/$&LVPDLQO\LQYROYHGLQ
SODFHQWDWLVVXHIRUPDWLRQ&+67KDVEHHQDVVRFLDWHGZLWK
DXWRVRPDOUHFHVVLYHSHHOLQJVNLQV\QGURPH6<1*$3LV
7DEOH,96HOHFWHGFDQGLGDWHJHQHVDQGYDULDQWVLQIDPLO\
 ([RQLF)XQF
*HQHUHI*HQH UHI*HQH &KU 5HI $OW )XQFUHI*HQH $$&KDQJHUHI*HQH
&RPSRXQG
08& 1RQV\QRQ\PRXV FKU * 7 ([RQLF 08&10BH[RQF&$S$'
 619
08& 1RQV\QRQ\PRXV FKU 7 & ([RQLF 08&10BH[RQF$*S(*
 619
08& 1RQV\QRQ\PRXV FKU & 7 ([RQLF 08&10BH[RQF*$S54
 619
771 1RQV\QRQ\PRXV FKU & * ([RQLF 77110BH[RQF*&S(4
 619     77110BH[RQF*&S(4
      77110BH[RQF*&S(4
      77110BH[RQF*&S(4
      77110BH[RQF*&S(4
      77110BH[RQF*&S(4
771 1RQV\QRQ\PRXV FKU & 7 ([RQLF 77110BH[RQF*$S'1
 619     77110BH[RQF*$S'1
      77110BH[RQF*$S'1
      77110BH[RQF*$S'1
      77110BH[RQF*$S'1
      77110BH[RQF*$S'1
771 1RQV\QRQ\PRXV FKU 7 & ([RQLF 77110BH[RQF$*S,9
 619     77110BH[RQF$*S,9
      77110BH[RQF$*S,9
771 1RQV\QRQ\PRXV FKU * $ ([RQLF 77110BH[RQF&7S6/
 619     77110BH[RQF&7S6/
      77110BH[RQF&7S6/
.QRZQ
3,7; 875 FKU &  10B
     FGHO*
%03 ([RQLF FKU 7 & 10B
     F7&
     S9$
6$/9, et al(;20(6(48(1&,1*$1$/<6,6,17227+$*(1(6,68
7DEOH96HOHFWHGFDQGLGDWHJHQHVDQGYDULDQWVLQIDPLO\
&KU 5HI $OW )XQFUHI*HQH *HQHUHI*HQH *HQH'HWDLOUHI*HQH ([RQLF)XQFUHI*HQH
5HFHVVLYH
FKU; * $ ([RQLF $56+ 1$ 1RQV\QRQ\PRXV619
FKU; * $ ([RQLF 355 1$ 1RQV\QRQ\PRXV619
FKU & 7 ([RQLF 7*0 1$ 6WRSJDLQ
FKU  ES ([RQLF 3/$& 1$ )UDPHVKLIWLQVHUWLRQ
FKU; * $ ([RQLF $3(; 1$ 1RQV\QRQ\PRXV619
De novo
FKU ES  6SOLFLQJ 0<2 1$ 1$
FKU 7 * ([RQLF ,)7 1$ 1RQV\QRQ\PRXV619
FKU $ & 6SOLFLQJ 1),$ 10BH[RQF$!& 1$
     10BH[RQF$!&
     10BH[RQF$!&
     10BH[RQF$!&
FKU  7 ([RQLF 08& 1$ )UDPHVKLIWLQVHUWLRQ
FKU * $ ([RQLF *3$1. 1$ 1RQV\QRQ\PRXV619
FKU * & 6SOLFLQJ 1),$ 10BH[RQF*!& 1$
     10BH[RQF*!&
     10BH[RQF*!&
     10BH[RQF*!&
FKU $ * ([RQLF +63$/ 1$ 1RQV\QRQ\PRXV619
FKU * $ ([RQLF 08& 1$ 1RQV\QRQ\PRXV619
FKU  ES ([RQLF 563+$ 1$ 1RQIUDPHVKLIWLQVHUWLRQ
FKU & * ([RQLF 75,0 1$ 1RQV\QRQ\PRXV619
FKU  $*& ([RQLF &+67 1$ 1RQIUDPHVKLIWLQVHUWLRQ
FKU &$&&  ([RQLF 6<1*$3 1$ 1RQIUDPHVKLIWLQVHUWLRQ
 ACCA
 CCAT
FKU; & 7 ([RQLF 5%0; 1$ 1RQV\QRQ\PRXV619
FKU * 7 ([RQLF 08& 1$ 1RQV\QRQ\PRXV619
FKU $ * ([RQLF 08& 1$ 1RQV\QRQ\PRXV619
FKU *  ([RQLF 08& 1$ )UDPHVKLIWGHOHWLRQ
FKU *  6SOLFLQJ 6(&% 10BH[RQF*! 1$
FKU & * ([RQLF ,/5( 1$ 1RQV\QRQ\PRXV619
&RPSRXQG
FKU  &7*& ([RQLF '1$+ 1$ )UDPHVKLIWLQVHUWLRQ
FKU $ * ([RQLF '1$+ 1$ 1RQV\QRQ\PRXV619
FKU & 7 ([RQLF '1$+ 1$ 1RQV\QRQ\PRXV619
FKU  7 ([RQLF 08& 1$ )UDPHVKLIWLQVHUWLRQ
FKU * $ ([RQLF 08& 1$ 1RQV\QRQ\PRXV619
FKU  7$ ([RQLF 08& 1$ )UDPHVKLIWLQVHUWLRQ
FKU * 7 ([RQLF 08& 1$ 1RQV\QRQ\PRXV619
FKU $ * ([RQLF 08& 1$ 1RQV\QRQ\PRXV619
FKU *  ([RQLF 08& 1$ )UDPHVKLIWGHOHWLRQ
FKU $ & 6SOLFLQJ 1),$ 10BH[RQF$!& 1$
     10BH[RQF$!&
     10BH[RQF$!&
     10BH[RQF$!&
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UHVSRQVLEOHIRUQRQV\QGURPLFPHQWDOUHWDUGDWLRQDXWRVRPDO
GRPLQDQW IRUP  20,0   D SKHQRW\SH QRW
UHSRUWHGLQWKLVIDPLO\7KH355JHQHLVSRRUO\FKDUDFWHU-
L]HGDQGGLIILFXOW WRHYDOXDWH1),$DQG75,0DUH WZR
WUDQVFULSWLRQIDFWRUJHQHVDQGWKH\PD\UHSUHVHQWJRRGFDQGL-
GDWHVIRUIXUWKHUVWXGLHVDLPHGDWDVVHVVLQJWKHLULQYROYHPHQW
LQWKHUHJXODWRU\QHWZRUNGULYLQJWHHWKPRUSKRJHQHVLV1),$
PD\EHRISDUWLFXODU LQWHUHVW VLQFHPXWDWLRQV LQ WKLVJHQH
FDXVHFUDQLRIDFLDODEQRUPDOLWLHVLQPLFHDQGFUDQLRV\QRVWRVLV
LQKXPDQV+RZHYHUKRPR]\JRXVQXOOPXWDWLRQVLQWKH
JHQHKDYHEHHQDVVRFLDWHGZLWKNLGQH\QHUYRXVDQGIHUWLOLW\
SKHQRW\SHVWKDWZHUHQRWREVHUYHGLQWKLVIDPLO\2IQRWHWKLV
IDPLO\ZDVDOVRDFDUULHURIWKHJHQHWLFYDULDQWFGHO&*
LQWKH
875RI3,7;IRXQGLQWKHKRPR]\JRXVVWDWHLQWKH
7DEOH9&RQWLQXHG
&KU 5HI $OW )XQFUHI*HQH *HQHUHI*HQH *HQH'HWDLOUHI*HQH ([RQLF)XQFUHI*HQH
FKU * & 6SOLFLQJ 1),$ 10BH[RQF*!& 1$
     10BH[RQF*!&
     10BH[RQF*!&
     10BH[RQF*!&
FKU $ 7 6SOLFLQJ 15$3 10BH[RQF7!$ 1$
     10BH[RQF7!$
     10BH[RQF7!$
FKU 7 * ([RQLF 15$3 1$ 1RQV\QRQ\PRXV619
.QRZQ
3,7; 875 FKU &  10BFGHO*
7DEOH9,6HOHFWHGFDQGLGDWHJHQHVDQGYDULDQWVLQIDPLO\
   )XQF *HQH *HQH'HWDLO ([RQLF)XQF
&KU 5HI $OW UHI*HQH UHI*HQH UHI*HQH UHI*HQH $$&KDQJHUHI*HQH
&RPSRXQG
FKU $ * ([RQLF $1.() 1$ 1RQV\QRQ\PRXV $1.()10BH[RQF$*S'*
      619 $1.()10BH[RQF$*S'*
FKU & 7 ([RQLF &200' 1$ 1RQV\QRQ\PRXV &200'10BH[RQF*$S*'
      619 &200'10BH[RQF*$S*'
FKU 7 & ([RQLF ''+' 1$ 1RQV\QRQ\PRXV ''+'10BH[RQF$*S,9
      619 ''+'10BH[RQF$*S,9
       ''+'10BH[RQF$*S,9
FKU $ * ([RQLF (%) 1$ 1RQV\QRQ\PRXV (%)10BH[RQF7&S/6
      619
FKU * 7 ([RQLF (93/ 1$ 1RQV\QRQ\PRXV (93/10BH[RQF&$S/0
      619
FKU & 7 ([RQLF 68&/* 1$ 1RQV\QRQ\PRXV 68&/*10BH[RQF*$S*(
      619 68&/*10BH[RQF*$S*(
FKU & 7 ([RQLF 68&/* 1$ 1RQV\QRQ\PRXV 68&/*10BH[RQF*$S*5
      619 68&/*10BH[RQF*$S*5
FKU 7 & ([RQLF 6837+ 1$ 1RQV\QRQ\PRXV 6837+10BH[RQF7&S&5
      619
De novo
FKU & 7 ([RQLF 68&/* 1$ 1RQV\QRQ\PRXV 68&/*10BH[RQF*$S*(
      619 68&/*10BH[RQF*$S*(
FKU & 7 ([RQLF 68&/* 1$ 1RQV\QRQ\PRXV 68&/*10BH[RQF*$S*5
      619 68&/*10BH[RQF*$S*5
6$/9, et al(;20(6(48(1&,1*$1$/<6,6,17227+$*(1(6,610
SUREDQGDQGLQKLVXQDIIHFWHGEURWKHUDQGLQWKHKHWHUR]\JRXV
VWDWHLQWKHLUXQDIIHFWHGPRWKHULQIDPLO\GLVFXVVHGDERYH
VXJJHVWLQJWKDWDFRPSOH[LQWHUSOD\RIJHQHWLFULVNIDFWRUVPD\
EHLQYROYHGLQWKLVGLVHDVH
)LQDOO\IDPLO\LQFOXGHGDSDLURIPRQR]\JRWLFWZLQVZLWK
K\SRGRQWLDDQG WKHUHFHVVLYH LQKHULWDQFHPRGHOZDV OLNHO\
8QIRUWXQDWHO\'1$IRUWKHIDWKHUZDVQRWDYDLODEOHIRUWKHVWXG\
$PRQJWKHJHQHWLFYDULDQWVIRXQGRQO\WKHRQHLQ&200'
PD\KDYHDOLQNZLWKWKHGLVHDVH&200'LVLQIDFWD1(02
LQWHUDFWLQJ SURWHLQ LQYROYHG LQ WKH WHUPLQDWLRQ RI1)țB 
VLJQDOLQJ WKDW LV DFWLYDWHGE\ WKH('$('$5('$5$''
FRPSOH[7KLVPXWDWLRQLVSUHGLFWHGWREHGDPDJLQJZLWK
DVFRUHRIE\3RO\3KHQ)XUWKHUVWXGLHVDUHQHFHVVDU\WR
HVWDEOLVKZKHWKHUWKLVKHWHUR]\JRXVPXWDWLRQLQWKHSUREDQG
WZLQPD\EHLQYROYHGLQWKHSDWKRORJLFDOSKHQRW\SH
,Q FRQFOXVLRQ LQ WKLV VWXG\ XVLQJ:(6 DQDO\VLV ZH
LGHQWLÀHGWKHFDXVDWLYHPXWDWLRQVLQFDVHVZLWKDPRUHVHYHUH
SKHQRW\SH IDPLOLHV  DQG ZKHUH  DQG  WHHWKZHUH
PLVVLQJUHVSHFWLYHO\:HGLGQRWLPPHGLDWHO\LGHQWLI\YDUL-
DQWV WKDWPD\EHGLVHDVHFDXVLQJ IRU IDPLOLHVZLWK D OLJKW
SKHQRW\SHVXFKDVIDPLOLHVDQGPD[LPXPPLVVLQJWHHWK
DQGZLWKDPLOGROLJRGRQWLDVXFKDVIDPLO\PLVVLQJWHHWK
+RZHYHU RXU DQDO\VLV RI WKHVH IDPLOLHV KLJKOLJKWHG VRPH
LQWHUHVWLQJFDQGLGDWHJHQHVWKDWPD\EHFRQVLGHUHGWDUJHWVRI
IXWXUHIXQFWLRQDOVWXGLHV+RZHYHUZHFDQQRWH[FOXGHWKDWWKH
PDQLIHVWDWLRQRIWKHSKHQRW\SLFWUDLWVPD\DOVRGHSHQGRUEH
PRGXODWHGE\RWKHUPHFKDQLVPVLQFOXGLQJORQJDQGVPDOOQRQ
FRGLQJ51$VLHPL51$VHSLJHQHWLFPRGLÀFDWLRQVVXFK
DV'1$PHWK\ODWLRQDQGKLVWRQHPRGLÀFDWLRQVRUUHJXODWRU\
'1$YDULDQWV)LQDOO\VLQFHDFRPSOH[UHJXODWRU\QHWZRUN
FRQWULEXWHVWRWRRWKIRUPDWLRQZLWKPXOWLWXGHVRIJHQHVSRWHQ-
WLDOO\ LQYROYHGZHFRQVLGHU WKDW:(6PD\EHDQHIIHFWLYH
VWUDWHJ\ZLWKZKLFKWRGHWHFWWKHJHQHWLFGHIHFWVUHODWHGWRWRRWK
DJHQHVLVSDUWLFXODUO\LQVHYHUHFDVHVRIROLJRGRQWLDLQVSRUDGLF
DQGIDPLOLDOFDVHV7KHGHWHUPLQDWLRQRIWKHJHQHWLFFDXVHV
RIWRRWKDJHQHVLVLVLPSRUWDQWIRUJHQHWLFFRXQVHOLQJDQGIRU
DQWLFLSDWLQJWKHSUREOHPVUHODWHGWRWKHFOLQLFDOPDQDJHPHQW
RIGHQWDODQRPDOLHVLQRUGHUWRHQVXUHDFRUUHFWRFFOXVLRQ
SDUWLFXODUO\GXULQJGHYHORSLQJGHQWLWLRQLQFKLOGUHQ
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